Purpose: The purpose of this article is to provide an overview of the role of nurse scientists in -omics-based research and to promote discussion around the conduct of -omics-based nursing research in minority communities. Nurses are advocates, educators, practitioners, scientists, and researchers, and are crucial to the design and successful implementation of -omics studies, particularly including minority communities. The contribution of nursing in this area of research is crucial to reducing health disparities. Methods: In this article, challenges in the conduct of -omics-based research in minority communities are discussed, and recommendations for improving diversity among nurse scientists, study participants, and utilization of training and continuing education programs in -omics are provided. Findings and Conclusions: Many opportunities exist for nurses to increase their knowledge in -omics and to continue to build the ranks of nurse scientists as leaders in -omics-based research. In order to work successfully with communities of color, nurse scientists must advocate for participation in the Precision Medicine Initiative, improve representation of nurse faculty of color, and increase utilization of training programs in -omics and lead such initiatives. Clinical Relevance: All nursing care has the potential to be affected by the era of -omics and precision health. By taking an inclusive approach to diversity in nursing and -omics research, nurses will be well placed to be leaders in reducing health disparities through research, practice, and education.
The Precision Medicine Initiative (PMI) was announced by President Obama in 2015 with the goal of enrolling 1 million participants in a longitudinal cohort study, named the All of Us Research Program, to examine the effects of genetics, environment, and behavior on health (National Institutes of Health, 2017) . A key goal of this program is to personalize medicine to individuals based on their unique genetic makeup, lifestyle, and environments, with an emphasis on recruiting a diverse cohort to examine health disparities within a representative population in the United States. This precision medicine approach goes beyond traditional genetics to include -omics, defined as fields of study ending in -ome/-omics: genomics, epigenomics, proteomics, metabolomics, etc. Where genetics is the study of single genes, variation, and heredity, genomics is the study of interrelationships of all genes. Further, epigenomics is the study of how the environment affects gene expression, and other fields such as proteomics and metabolomics examine how proteins and metabolites affect gene expression.
The purposeful inclusion and targeted enrollment of minority populations in the All of Us program is an attempt to address the many racial or ethnic disparities in health and disease outcomes. Despite bearing a disproportionate burden of disease, racial and ethnic minorities in the United States are often underrepresented in research studies (Oh et al., 2015) . Potential reasons for minority nonparticipation in research are often cited, such as mistrust of researchers, lack of resources or transportation, and lack of interest; however, there is evidence that minorities are no less willing to participate in research studies than other groups (Wendler et al., 2006) . As such, attention must turn to recruitment and retention of targeted groups for participation in research using effective strategies (Yancey, Ortega, & Kumanyika, 2006) .
Nurses are an invaluable resource in improving diversity among participants in studies such as the PMI. Nursing is patient focused and has a strong tradition of partnering with vulnerable communities to achieve positive health outcomes (Chin, Walters, Cook, & Huang, 2007) . Similarly, nurses have been conducting research with "hard to reach" populations for decades. Through the development of strong partnerships, landmark nursing research studies in the areas of HIV, hypertension, diabetes, arthritis, and maternal and child health demonstrate that nurses are effective in conducting research in minority communities (Hill et al., 2003; Jemmott, Jemmott, & Fong, 1998; Kitzman et al., 1997; Lorig, Gonzalez, & Ritter, 1999; Taylor, 2009; Taylor, Wright, Crusto, & Sun, 2016) . Although some of these studies are more than 10 years old, they remain relevant as seminal works because they provide the groundwork for recruitment and inclusion of minority populations in various types of investigations (i.e., HIV, cardiovascular disease, maternal-child health, etc.) that have been historically underrepresented in research.
Despite these significant research contributions, nursing has lagged behind in the design and conduct of studies in genetics or genomics (genetics-genomics). Nurses have traditionally held roles in the conduct of research, including participant recruitment and study or program management. Fewer nurses have held principal investigator (PI) or co-principal investigator (co-PI) roles in geneticgenomic research. As will be discussed in the text that follows, nurses are well placed to lead research efforts in genetics-genomics and contribute to the conceptualization of research, design and methods, laboratory analysis, data analytics, recruitment and retention efforts, and dissemination of findings. The purpose of this report is (a) to provide an overview of the role of nurse scientists in -omics-based research, including previous studies and ongoing research, and (b) to facilitate a discussion within the profession of nursing around the conduct of -omicsbased research in minority communities, including recommendations for improving diversity among both nurse scientists and study participants, as well as to improve utilization of training and continuing education programs in -omics.
Previous and Ongoing -Omics Research
Despite knowledge that nurses and nurse scientists have and continue to be successful in recruitment and conduct of studies in underserved populations, few nurses have had leadership roles in many precision health or -omics-based initiatives. For example, many genome-wide association studies (GWAS), epigenomewide association studies (EWAS), and whole genome sequencing studies (WGS) have received funding priority from the federal government (Table 1 ), yet the key personnel consists primarily of physicians, basic scientists, and epidemiologists. In fact, when nurses are included in such studies, many are underutilized in roles that are limited to data collection, participant counseling and retention, or as consultants. Some nurse scientists have successfully collaborated with some GWAS, EWAS, and WGS consortia, but they are few. More nursing leadership in these studies would be advantageous for participants and scientists alike if nurse scientists were included as PIs or co-investigators (Co-Is) of such important work.
One example of the lack of diversity in genetic and genomic studies is that of consortia, which are an effective way to pool the large number of participants necessary for genetic studies. Genetic and genomic consortia have few ethnic minority nurse scientists in the role of PI. Further, these consortia collaborate on studies in major metropolitan and urban areas in the United States (i.e., Boston, Dallas, Detroit), yet despite the high proportion of minority communities in these cities, Black and Latino participant representation in these studies is low. For example, the Clinical Sequencing and Exploratory Research consortia are an ongoing group of studies that examine the use of genome sequencing in populations across the United States (Green et al., 2016) . Diversity is lacking in genome sequencing, and many factors may contribute to this phenomenon, such as lack of outreach to minority groups, lack of minority investigators, and disconnect between institutions funded and surrounding communities of need (Green et al., 2016) . Because of this lack of diversity, the renewal grant program announcement released by the National Institutes of Health (NIH) now requires that a certain percentage of enrolled participants come from underrepresented minority groups. We recognize the leadership of the NIH for taking such a stand for diversity among participant groups. In the future, forward progress should extend to team composition to develop truly multidisciplinary teams with underrepresented minority scientists (particularly nurse scientists) from various backgrounds contributing to the conceptualization and leadership of such studies to aid in overall successful outcomes. 
Note. EWAS = epigenome-wide association studies; GWAS = genome-wide association studies.
National Institutes of Nursing Research-Supported -Omics Research
There is a cadre of nurse scientists currently conducting research in genetics-genomics, and some of their research is funded by the National Institutes of Nursing Research (NINR; Williams, Tripp-Reimer, Daack-Hirsch, & DeBerg, 2016) . Nurse scientists are well positioned to conduct research that can contribute to the PMI, including work on improving risk assessment, efficacy of drug treatment and self-management, and advocating for equal access to -omic technologies for vulnerable populations, which are key strategic areas for nurses in the future (Williams, Katapodi, et al., 2016) . Studies in the areas of genetics-genomics and health disparities have also been prioritized as an area of high importance for nurse researchers (Genomic Nursing State of the Science Advisory Panel et al., 2013) .
NINR-funded research in genetics and genomics demonstrates the effectiveness of nurse scientists in leadership roles. Nursing researchers have reported their procedures for successfully recruiting substantial numbers of minority participants into genetic-genomic studies and collecting specimens for biobanks, citing the importance of building rapport, transparent communication, and collaboration with experts in genomics as key features contributing to their success (Oruche, Carpenter, Renbarger, & Ross, 2016; Taylor, 2009 ). Other nurse scientists have led their own studies examining common and chronic conditions, such as gene-environment and DNAmenvironment interactions associated with blood pressure in African American mothers and their young children (Taylor, Wright, 2016) . Corwin and colleagues are studying how stress, diet, and health behaviors influence the microbiome during pregnancy and may lead to preterm birth in African Americans through work at Emory University (Dunlop et al., 2015) . Still other researchers are examining how genetics-genomics may play a role in pain through P30 center grants (Kim et al., 2017; Starkweather et al., 2016) . Another example, the Precision Medicine Core at Columbia University, is led by nurse scientists and focuses on genetics-genomics related to symptom self-management in Latinos with their Precision in Symptom Self-Management Center.
These examples of nurse scientists leading and participating in -omics-based research demonstrate nursing's potential contribution to the PMI All of Us Research Program and extend the role of the nurse to the design and conduct of research that directly impacts patients and families (see Table 2 for examples of NINR-supported -omics research with minority populations). In fact, there have been several -omics-based special issues of nursing journals that showcase the excellent work of nurse scientists conducting studies in -omics and health disparities. In 2013, Nursing Research and Practice published a special issue on "Health Disparities in Genomics and Genetics." Articles in this issue focused on -omics studies that had an emphasis on underserved populations and were conducted by ethnic minority investigators. Spruill et al. (2014) of the University of South Carolina described pioneering studies led by nurses. These included studies on attitudes toward genetic testing among AfricanAmerican families in Detroit (Taylor, Peternell, & Smith, 2013) , and epigenomics of renal function among African Americans in the Genetic Epidemiology Network of Arteriopathy (GENOA) study (Bomotti et al., 2013) , among others.
The Journal of Nursing Scholarship also offered a special issue in 2013 on "Relevance of Genomics to Healthcare and Nursing Practice" that showcased many reviews on various topics, such as cardiovascular genomics (Wung, Hickey, Taylor, & Gallek, 2013) , genomics of metabolic syndrome (Taylor, Kraja, et al., 2013) , and newborn screening (DeLuca, Zanni, Bonhomme, & Kemper, 2013) . In 2017, a special issue with a focus of "Omics in Nursing Science" was published by Nursing Research. The 2017 special issue showcased -omics studies of varying methodologies led by nurse scientists, including ethnic minority nurses. Methods highlighted in the 2017 Nursing Research special issue ranged from candidate gene analyses (Zahari et al., 2017) , the microbiome (Cong et al., 2017) , pharmacogenomics (Aroke, Crawford, & Dungan, 2017) , proteomics (Voss et al., 2017) , and recommendations for use of whole genome sequencing to advance nursing science (Taylor, Wright, Hickey, & Housman, 2017) . Lastly, a new call for papers has been issued by Biological Research for Nursing on the topic of "Genetics and Genomics in Nursing Science" (Biological Research for Nursing, 2017) with an anticipated publication date of 2018. It is clear that nurses and nurse scientists are involved with -omics-based research and care at various levels, and these contributions, particularly among vulnerable populations, are being highlighted in nursing and other scientific journals. Although much progress has been made with nurse-led -omics studies, more work is needed to solidify the importance of and highlight the work that nurse scientists do in leading such efforts. One important example that highlights the stellar work in -omics by three nurse scientists is the Presidential Early Career Award for Scientists and Engineers (PECASE) (White House Office of the Press Secretary, 2017; Wikipedia, 2017) . The PECASE is the highest honor bestowed upon scientists by the federal government and recognizes scientists and engineers for exemplary scientific accomplishments that are in alignment with national goals. All three nurse scientists who have been awarded the PECASE have programs of research in -omics, and two are ethnic minority nurses who study -omics in ethnic minority populations. All three PECASE nurse scientists received their awards under President Barack Obama-two in 2013 and one in 2017.
Challenges and Considerations
Despite the progress discussed here in the conduct of -omic-based nursing research and minority populations, many challenges remain. First, the lack of minority representation that continues in both the practice and science of nursing hinders the development of research questions focused on and developed with communities of color. According to the American Association of Colleges of Nursing (2015), only 13% of nursing faculty nationwide identify as African American, Latino, or from other underrepresented groups, while these groups made up 37% of the U.S. population in 2012 and are expected to grow to over 50% by 2043 (U.S. Census Bureau, 2014) . This underrepresentation of nurse researchers is especially problematic considering the well-documented and longstanding racial and ethnic health disparities in the United States (Smedley, Stith, & Nelson, 2003) .
Second, the inclusion of nursing in the era of -omics research also requires clarification of nomenclature. Much research is labeled "interdisciplinary," yet is limited to physicians representing distinct medical specialties instead of truly drawing from the expertise of diverse disciplines of study, including nursing, genetic counseling, social work, social sciences, and others (Rosenfield, 1992; Stokols, Hall, Taylor, & Moser, 2008) . Further, including nurse scientists and minority nurse scientists as "consultants" on research teams is not interdisciplinary. Nurses are leaders, and their unique and important contributions to teams need to be respected as part of the core leadership structure, instead of being limited to ancillary research support. Before the terms clinical-translational science, bench-to-bedside, or community-based participatory research were coined phrases in the literature, these axioms simply described nursing. For example, the definition of nursing can be found as early as Florence Nightingale models with an ecology emphasis that incorporates "interactions and interrelationships between the individual person and their environments" (Donaldson & Crowley, 1978) . A further expansion for nursing science includes a definition of the study of personal health, family, the environment, or familial human health ecology to encompass communities and shared social interactions (Donaldson, 2002) .
Third, the inclusion of nursing and other disciplines is imperative to successfully formulate comprehensive and patient-centered research, considering the many ethical, legal, and social issues related to PMI in the recruitment and protection of minority communities (Sankar & Parker, 2016) . Collaboration is increasingly important since -omics is a rapidly growing and expanding field, and it is impossible to have expertise in every component. For example, pharmacogenomics research in nursing is a field that will require nursing input and collaboration for successful integration into translational clinical care (Knisely, Carpenter, & Von Ah, 2014) .
Conclusions and Recommendations
The nursing perspective is integral to precision health, as it is not only informed by experiences working with patients in the clinic, but also includes the fundamental nursing approach of the holistic view of the patient and community. This understanding incorporates the interaction of genetic-genomic and psychosocial mechanisms that contribute to disease development and prevent the achievement of optimal health. It is at this interface that nurses and nurse scientists can be instrumental in advancing science, and in promoting responsible bioethical approaches to genetics research carried out with minority populations. All too frequently, researchers in -omics fields self-restrict to their silos of expertise. This compartmentalization of knowledge limits understanding of -omics-based research and contributions to the study of health disparities including the following: bioethics, sociocultural, psychological, and environmental risk factors. All of these areas listed above and more are considered in nursing science.
For nurses conducting research with minority or otherwise vulnerable populations, it is not sufficient to do a study on a population, even if it elucidates novel research findings. Research must be conducted with the population in a manner that is ethical, espouses an approach of cultural humility, and respects the community's needs and desires for services from healthcare providers, based on their priorities. Simply stating statistics on populations that have the highest incidence and prevalence of a disease is not appropriate. Nurses must strive to understand the environmental, sociocultural, geneticgenomic (-omic), and other factors why these disparities exist in order to develop interventions to reduce such risks.
To this end, it is recommended that nurse scientists initiate collaborations with large genetic-genomic consortia in the early career stages, where possible. Some nurse scientists have been extremely successful with bringing a nursing perspective to already existing studies such as the GENOA study (Taylor, Sun, Chu, Mosley, & Kardia, 2008) , the Jackson Heart Study (Taylor et al., in press ), HyperGEN (Taylor, Schwander, et al., 2016) , InterGEN Taylor, Wright et al., 2016) , and others that include ethnic minority populations in -omics research. Working closely with established PIs and Co-Is that have ongoing relationships working with and inside minority communities enhances access and promotes collaborative research approaches. These connections not only enhance transdisciplinary opportunities, but may also assist junior scientists with development of the leadership skills necessary for management of their own research programs when working with minority populations.
Another way that junior scholars can enhance their knowledge in -omics and begin to establish their research careers is through additional training opportunities at all levels of nursing education. In fact, Jenkins, Grady, and Collins (2005) noted the importance of genomic literacy for nurses at all levels of education because nurses are the point of contact for care and can be instrumental in bridging the gap among interdisciplinary teams, becoming the catalyst for hastening the integrating ofomics options for patients in the clinical setting. Much work has been done on recommendations for expanding nursing education to include -omics into doctoral level curricula; for example, an entire special issue of Nursing Outlook in 2015 was dedicated to this topic, and researchers provided discussion and recommendations on how to incorporate this content into PhD programs (Conley et al., 2015) . As these opportunities have been relatively limited to few nurses in the past, it will also be important to support the -omics competency of nurses at all levels, and to encourage nurses and nurse scientists to take the lead in promoting a precision medicine approach in underserved communities where they work (Chadwell, 2013) . Postdoctoral and other training opportunities for nurses in -omics can support nursing's contribution to precision medicine and ensure that nurses take their place among an interdisciplinary team leading the way for this new era of health care. Additional examples of training opportunities that can build nursing competency in -omics are presented in Table 3 . Emerging nurse scientists must be encouraged to avail themselves of these opportunities, such as the NINR's Summer Genetics Institute and boot camps for analysis of Big Data, among others. These training opportunities are available to postdocs, junior faculty, and more seasoned nursing faculty, and help to build knowledge and confidence in -omics, as well as leadership development, which is an essential ingredient necessary for success. The overall purpose of these training programs is to foster a new generation of nurse scientists who possess the recommended requisite experiences, training, and knowledge so that they can lead multi-omic-related studies as key personnel and move beyond the role of consultants or research assistants.
It is also recommended that nurse scientists be bold and expand their horizons to participate in -omics-based programs targeted specifically for nurses and other disciplines as well. Many other sponsored programs exist that are not targeted to nurses, but are wholly relevant to nursing research (e.g., epidemiology, medicine, social sciences, etc.). If a program of interest is identified and nursing is not listed as a discipline in the eligibility criteria, nurses must not shy away, but should reach out to the director of the programs to determine if nurses may also be considered. Many programs may be developed with certain disciplines in mind, but do not seek to exclude others. These opportunities for learning among transdisciplinary colleagues are important in expanding the perception and understanding of the nursing profession, and in sharing the increasingly relevant role of doctorally prepared nurses in -omics-based health disparities research. Nurses are also involved in developing policy recommendations related to -omics, further expanding nursing science's reach and visibility among other disciplines, including the public (Starkweather et al., 2017) . Programs such as the American Academy of Nursing's Jonas Policy Scholars broaden nursing's visibility and impact on population health through early exposure to health policy for burgeoning nurse scientists.
In summary, nurse scientists have contributed significantly to -omics-based health disparities research, yet more needs to be done in terms of (a) advocacy for the role of nurses and nurse scientists at the national level in the PMI All of Us program, (b) expanding utilization of training programs for early career nurse scientists in -omics, particularly when working with minority populations, and (c) increasing representation of minority nurse scientists in -omics among faculty of schools of nursing so that faculty demographics are more representative of the diverse communities that nurses and nurse scientists serve. -Omics is an exciting area of scientific discovery that has the potential to improve the health care of every American, changing the face of how health care is delivered. These changes will affect the nursing care delivered by nurses at all levels of practice, from the bedside to the community, and it is essential that nurses expand their scope of knowledge to be truly holistic in this -omics era. Including -omics in the nursing profession lexicon, daily practice, and educational approaches is essential to reducing health disparities and providing high-quality care for all populations.
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